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HEAT RESISTANT EXPLOSIVES. XIII. PREFARATION AND PROPERTIES OF
5,3'=DIAMINO-2,2',4,4",6,6 ¢ -HEXANITROBIPHENYL (DIPAM) (C)

Prepared by: Joseph C. Dacons
Horst G. Adolph
Mmortimer J. Kamiet

Appreved by: DARRELL V, SICKMAN, Chief
Organic Chemistry Division

ABSTRACT: A new oxidative procedure wherein the methyl group
in substituted trinitrotoluene derivatives is replaced by
hydroxyl has been applied to the prepiration of the title com-
pound, & new thermally stable high explosive, The six-step
synthesis involved the sequence: m-bromotoluene to bromotrini-
trotoluene to dimethylhzxanitrobiphenyl to dipicric acid to
dipyridinium dipicrate to dichlorohexanitrobiphenyl to DIPAM.
The overall yield was 39,5%. DIPAM appears to have attractive
potentialities for high temperature mild detonating fuse and
similar applications. (C)

CHEMISTRY RESEARCH DEPARTMENT
U. S, Naval Ordnance lLaboratory
White Nak, Silver Spring, Maryland
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This reporl describes fhe preparation of 600 grams of a new
thermally stable high €xplosivé Whicl ‘fay he useful in mild
detonating fuse for stage separation in advanced POLARIS
missiles.¢ The work was started under Task FR-44, but as the
potentlial Yapplications became apparent it was transferrsd %o
RUME 3EO017. The newly-discovered reac*ion described in
NOLTR 62-3%2 furnished *h: basis for this synthesis.

W. D, COLEMAN
Captain, USN
Commander
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INTRCDUCTION

We have reported (1) that oxidations of TNT and 3-substi-
tuted 2,4,6-trinitrotoluene derivatives with mixtures of
dichromate, nitric acid and sulfuric acid generally effected
thelr conversion to the correspondingly subetituted trinitro-
phenols. In the case of 3,3'-dimethyl-2,2',4,4',6,6%'-hexani-
trobiphenyl {(I), the main product was 3,3'-dihydroxyv-2.2',4 &¢,
O,C-hexanitrobiphenyl (dipicric acid, DIPA, II) rather than
the 3,3'-dicarboxylic acid as earlier workers had suggested (2).

CE3 NO2 NOp CHs HO NO, NOp CH
- - NapCra07 —
] f 1 I
N02 N02 N02 N02
I II, DIPA

Although DIPA has long been known, a number of investiga-
tors having reported its preparation by the mixed-acid nitra-
tion of 3,3'-dihydroxybiphenyl (3), the novel dichromate
oxidation provided for the first time a convenient method for
its synthesis., With its availablility in moderate quantities,
DIPA merited consideration per se as a candidate for high-
temperature booster explosive applications (1) but of greater
immediate interest was its potential as an intermediate for
further syathesis,

Treatment of the dipyridinium salt with phosphorus
oxychloride, a procedure which has been reported to effect the
high-yield tranformation of picric acid to picryl chloride (4)
-and styphnic acid to styphnyl chloride (5), afforded a conven-
ient method for the conversion of II to 3,3'-dichloro-2,2',
4,41,6,6'-hexanitrobiphenyl (dipieryl chloride, DIPICL, III).
DIPICL, with ethanolic ammonia, was readily converted to 3,3'-
diamino-2,2',4,4',6,6'-hexanitrobiphenyl (dipicramide, DIPAM,
IV), the subject of the present repor:,

1
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’

¢l HOp HO, €1 N ho? di "d?

DI‘A /02” ( ‘} \ ;\ \102 - 02N-[ II—' \\ l'/ N02
H’\

c‘ Nn ‘V2 5‘02
I1I1, DIPICL IV, DIPAM

Shortly after the first preparation of DIPAM, there came
to our attention an urgent requirement for a thermally stable
high explosive which was relatively non-volatile at advanced
temperatures and reduced pressures and which would propagate
detonation in relatively small diameters, this materizl to be
used in mild detonating fuse (MDF) for stage separation in
1dvanced POLARIS missiles. Preliminary experiments in our
laboratories, vide infra, indicated that our new product might
satisfly the former requlrement; from its chemical similarity to
picramide~, we felt i1t might rrove adequate .n the latter
regard. For this reason we undertook the preparation of over
six hundred grams of DIPAM for evaluation both at NOL and in
the laboratories of Lockheed Aircraft Corporation,

DISCUSSION

From commerclially available m-bromotoluene, the synthesis
of DIPAM involves the six-step sequence: m-bromotoluene-(a)—>
3-bromo-~2,4,6-trinitrotoluene -(b)—>I -(¢c)—>DIPA -(d)—>
dipyridinium salt of DIPA -(e)~>DIPICL -(f)-—>DIPAM.

a) m-Bromotoluene to 3-Brono-2,4,6-trinttrotoluene.-

3-Br-Cghy-CH, 2032 HaS04 5 proo,4,6-(No,),cqH-CH

3

s Por a chemically related series of aminonitrobenzenea the
rfollowing fallure diameterc have been reported: TATB, 1.3 cm;
DATB, 0.53 cm; picramide, 0.3 cm (6), This is the on]y inves-
tigation of which we are aware in which variation of any
detonation parameter with regularly changing chemical structure
was ever studied, We zannot overemphasize the value of the
results of such an approcach to the synthetic chemist.

2
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m-Bromotoluere may be made by reactions des:i'ited In
"Organic Syntheses" (7): p-toluidine —jpe-acetotoluidaiie -»ii-
acetylamino-3-bromotoiuene -»{d-amino-3-bromotoluere - m-bromo-
toitere. 1ts labcratoryv price, $11.00 per hundred s:ams (8).
js undoubtedly more a reflection ui demand than of cost in
manufacture,

The nest 1{terature method fo» the preparation nf Z-uiromo-
2,4, 6-trinttrotoluene {9, 1C) involved a two-step nitration with
separation of the intermedlate %-bromo-4,6-dinitrotoiusne. We
have found that the trinitration may conveniently be carried out
in a single operation and 1in excellent yleld by using an essen-
tially anhydrous nitric acid - sulfurlc acld mixture and by
holding the reaction mixture at ahout 55¢ for several hours
before heating to reflux for several hours. The product pre-
cipitates directly on coollrg the reaction mixture; thc work-up
involves simply drowning in excess 1ice.

Prior to the DIPAM program, prelimjinary trials on 0.04,
0.1, 0.2 and 0.6 mole scales had resulted in yields of crude
product ranging from 92 to 96%. Acetone was a satisfactory
recrystallization solvent; yields of recrystallized bromotrini-
trotoluene were 84-88%.

In the present program thice preparations were carried out
on a 1.2 mole scale and a final preparation using *.5 moles,
In the latter instance the total reactant volume was 3.7-3.8
liters. FPFrom 1,238 g of m-bromotoluene, 1900 g (86%) of pure
bromotrinitrotoluene was carried over to the next step. An
additional 50-100 g might have been recovered by further work-
up of mother ligquors.

b) 3-Bromo-2,%4,6-trinitrotoluene to %, 3'-Dimethyl-2,2',& 4",
0,b7-hexanltrobipheny ... -

= - e - Cu - - - -
5-Br-2,4,6 (40,)+CcH-CHy m{;« CHy-2,4,6-(NO,)-CaH ]»

For initial experiments in the Ullmann reaction the proce-
dure of Bock, Moyer ard Adams (2) was followed exactly. This
involved reacting the bromotrinitrotoluene with activated
copper in purified nitrobenzene at 175-185°, To ottaln 2
decently crystalline product 1t was nccessary to remove the
rajor proportion of the solvent ty steamm dictillation, this
betns the mest tedlous and time-consuming part of the operation.

?
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In subsequent trials it was found that the relative
quantities of nitrotenzene and copper could be reduced substan-
tially with concoquent shortening of the stecam distillation and
wu apparent 111 effects on yields, The product separated as a
laek semi-cryctalline solid in the pot-residue from the steam
distillation. For preliminary purification this material was
taken ui 4in hot 1entone, decolerized with charcoal and the
acctone removed. A further recrystalilzation from acetone-
icetic acid gave a product sulfliciently pure for the next step.

On2 reaction was carried out on a 0.35 mole, four reac-
tions on 0.7-0.8 mole and two reactions on l.44 mole scales®.
Vields of purified dimethylhexanitrobiphenyl ranged-from 70 to
21%. From 1,900 g of btromotrinitrotoluene, 1,077 g (77%) of
dimethylhexanitrobiphenyl was carried over to the next step.

%) 27,2'-Dimethyi-2,2',4,4',6,6'-hexanitrobiphenyl to Dipicric
cid, - .

Na2Cr207 -
[3..CH5-2, 4, 6-(N02)3C6H-]2W [3-110—2,18, 6—(N02)}CGH- > -

This reaction has been discussed in detalil in reference 1.
In the course of the present program five preparations were
carried out using essentially identical conditions. Improvements
in yield from 55 to 80% were achieved by varying dichromate con-
centrations, Syntheses were carried out on 0.12, 0.27 and
v.55-0.61 mole scales. Reactant volumes in the larger-scale
experiments were 4.0-4.2 liters and 12-15 liters of reactor
capacity were required for the drowning.

Although pure DIPA melts at 311-312° (dec), material
melting above 3000 wac deemed satisfactory for subsequent
operations, vide infra. From 1,075 g of dimethylhexanitrobi-
phenyl, 817 g (75%) ol dipicric acid was carried over to the

next stegp.

d) vipicric Acid to Dipyridinium Dipicrate,-
13-HO-2,4,6-(NO,),C H-] W%Hsn, CeH=NH" 4
- <y, 2 7 6 12 e [5 5 3“6“2: .6-(N02)3C6R-]2

“In the largc-scale preparations total reactant volume was ~1.2
liters, A five liter flask was requircd for the steanm
distillation. .

h
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‘ne salt precipitated immediately on addition of pyridine
to a methanclic solution of DIPA, The reaction mixture was
¢hiiled and filcered and the product was washed with ether and
arice. When nure DIPA was nasd and tiie mothei iiyuurs woriked
up, cthe yieid was close to quantitative. With DIPA prepared
as in (c), however, a first crop of high~grade dipyridinium
dipicratsr was obtained in about 90% yield, nut additionsl
inmteijal rzcovered from mcther liquors was: of very much lower
purity, It was considered that losses in atv °mpt1ﬂv to
further purify the dipicrie acid would more than offset this 10%
decrease in yleld*,

Reactions were carried ont on a 0,33 mole scale and the

reactant volume was ca 1.7 liters, From 772.5 g of DIPA, Gl4 g
(39%) of dipyridinium dipicrate was carried over to the next step.

e) Dipyridinium Dipicrate to Dipicryl Cnloride.-

POC1
[cehs NH' 3-0-2,4,6-(Nop) 3CeH-12 25 [5-c1-2,4 +6-(NO2) 5CgH- b

The dipyridinium salt was converted to DIPICL in virtually
quantitative yvield by adding to an excess of phosrhorus oxy-
chloride, heating on the steam bath, allowing to cool and
drowning. The method of drowning is critical and requires
extreme caution. If the reaction mixture is added to ice or an
ice-water mixture the reaction is initially quite slow, but as
the ice melts it becomes more rapid and undergoes autoacceler-
ation. This has, on one occasion, led to boiling and splattering
in the mixture,

The preferred method was to add the reaction mixture slowly
to water with vigorous agitation, adding ice as necessary to
xcep the temperature at 30° For a typical reaction on a 0.25
mole Scale this required ’-u liters of ice and water,

For purification the crude DIPICL was washed with water,
then stirred with hot methanol in which it is only very slightly
soluble and filtered, From 914 g dipyridinium salt there was
obtained 7720 g (Q94) of DIPICL,

* The main .m mpurity in the DIPA appears to e monohydroxye
hexanitrob‘phenyl (m-picrylplcric acid, .PTPA),

Best Available Copy

v
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v) Dipleryl chloride to Dipicramide,- .

| e ) e NH -
E-{—»’:l-',;.‘;.'-'—(?\!” )’-""‘I;\H—} o) E'E'Ovv—’, i,‘ : {3-“"2-2."4-5-(?‘02).;&65—] >

Neither DIPICL nor DIPAM 1s soluble in cold ethanol. When
DIPICL was added portionwlise to sati:rated ammoniacal ethanol
1 107, hwwewver, 1l dissolved completely to give a deep-red
aolution. If this solution was slowly heated to the r2flux
and the ammonia allowed to boil out, 1t lightened in color and
DIPAM began to precipitate. Distilling off a portion of the
cthanol, chilling, filtering and washing with ethanol resulted
in a 95-06% yield of DIPAM, m. p. 296-80,

We interpret this behavior as being duc to immediate con-
version of DIPICL to DIPAM whose amine hydrogens are suffi-
ciently acidic that the material will form a soluble salt with
excess ammonia“., As the ammonia boils out Lhe equilibrium is
drawn to the left and DIPAM precipitates.

NHQ-CIQHQN(SOIQ-NHQ + 2NH3 ""'—"',‘ NHu+ m{—clgﬂaNeolg-m* Nnu+

The reaction on a 0.45 mole scale involved 2.7-2.8 liters
of' reactant volume. From 722 g DIPICL there was obtained 643 g
(95.7%) of DIPAM which may be sufficiently purec for the intend-
cd application,

For evaluation purposes, however, it was deemed desirabdble
to supply the purest material obtainable., A variety of
solventc were tried for recrystallization; an acetone-ethanol
pair woes found least inconvenient. To dissolve 200 g of crude
DIPAN, 7,500 ml of acetone was required and 4,000 ml of abso-
lute alcohol was added during the process of concentration. A
tetal of 5G9 g (90%) of pure DIPAM, m. p. 298-299%(dec) was
?bta§ncd together with a further 1¢.5 g (3£), m. p. 295-2060

dec).

The overall y1e¥d for the nlx steps from m-bromotoluer~ to

. T\TI™ ase - E P
pusrc DIliAar Was. Y. Hb.

“For comparison; picranide has a pK, of 12.25 (11).

-
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Properties or DIPAM

Molecular Formula: 012H6N2012’ Mol., Wt. 4541

Melting Point: 298-29¢0 (dec).

Oxldant Balancs (12): OBygg = -1.32 (valanced slightly
below CO level).

Heat of Formation: The heat of formation of pilcramide has
been Telermiied erparimentally (12} <3 - -20.1 Keal/mole, By
addlne and subtracting appropriate bond and standardization
ercigles, DIPAM 1y computed to have ‘H. = -27.6 Keal/mole, In
the computatlon it 1is assumed that, as seems reasonable, there
ic no inter.ction between the rings and that DIPAM has twice
the heat of sublinmation of pilcramide.

Heat of Detonation: Using the 120, CO, CO2 arbdbitrary in

calculation, DIFAM ir computed to nave a heat of detonation of
334.4 Kcal/mole or 845 cal/g. If the [2 CO = COp + C]equilib-
rium (s taken into account, the values are somewhat higher.

Crystal Densiuv: 1,79 g/cc.

Impact Sensitivity: 132 em, 0= 0.2*. Determined on an
ERL macEIne as moEITIe% at NOL using type 12 tools. On thia

machine TNT has a 50% impact height of 160 c¢m; Comp. A, 70 cm;
Tetryl, 32 cm; RDX, 24 c¢n; PETN, 12 om.

Vacuum Thermal Stability:

At 2£0°C. gas evolved = 0.7 cc per g per hr (6 hr period
At 245°C. gas evolved = 0.3 cc per g per hr (2 hr period
At 260°C, gas evolved = .5 cc per g per hr (2 hr pe.iod

Volatility Studies: A weighed sample of the explosive was
held Tn an evacuated Abderhalden drying apparatus over boiling
nitrobenzene (ca. 210°) and the loss in weight due to sublima-
tion or other causes was determined ufter a thirty minute
interval, Results for DIPAM and other thermally stadble exulo-
siven are as follows (compound, pressure, % weight loss): DIFAM,
1.0 mm, nil; TNTACOT, 1.0 mm, 0.1%; TATB, 1.0 um, 1.1%; DIPICL,
1.0 mm, 2.%%; DATB, 2.5 mm, 57.8%; hexanitrostilbene, 0.0 mm,
nil; KHND, 0.6 mm, nil; nonanitroterzhenvl, 0.8 mm, 0.5%;
hexanitrobipnenyl, 0.5 mm, 0.4%. it should be appreciated that
these were crude measurements and that pressure values read
fror: a McLoed gauge near the pump do not accurately describdbe
precoures atove the sample.

CONPIDENTIAL
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S-Bromo-2,4-b-trinitrotoluene. -

To 2 well-stirred mixture of 1500 ml 30% ole¢um and 1800 ml
GO% nitric acld at 55° was added dropwise over a fifty minute
period 588 ¢ {3.45 moles) m-bromotoluene (&), Tne resulting
fiear aringe Rolution was atirred an additional seventy-five
minutes at 55Y, then heated to the reflux. A mildly excthermic
reaction which was self-sustaining for about fifteen minutes
ensued. The solution was held at the reflux for a total of two
hcurs, then alliowed to cool slowly with vigorous agitations,

The cooled reaction mixture was drowned with stirring in
5000 ml ice-water. riltered and the filter cake washed with
8C00 ml water and air-dried overnight to y.eld 985 g (93%) crude
bromotrinitrotoluene, m. p. 134-137°, A single recrystalliza-
tion from 4000 ml acetone furnished three crops, totalling 808 g,
m. p. 142-144° and a further crop, 30 g, m. p. 141-1430, The
yield of recrystallized material was 8%%.

4,7 '-Dimethyl-2,2',4,4',6,6'-hexanitrobiphenyl. -

Materials: 440 g (1.44 mole) bromotrinitrotoluene
280 g copper dust~—®
500 ml dry redistilled nitrobenzene

The bromotrinitrotoluene was dissolved in the nitrobenzene
in a three-neck two-liter flask fitted with a mechanical stirrer,
thermometer and powder funnel. The solution was heated to 1650
on an. oll bath and 10 g of copper was added with vigorous
stirring. The temperature was slowly raised to 1850 and at some

“The product begins to precipitate at about 85°, There appears
.to be considérable heat of crystallization and if the solution
1s allowed to become too supersaturated the exotherm during the
precipitation may cause local splattering. The addition ¢f seed
crystals offectively eliminates this pussliblilty.

s#The copper used was electrolytic dust {rom Fisher Scientifie
Company. It was actlivated by stirring with concentrated hydro-
chlorie acid, filtering, washing with water, methanol and 2ther
ind drying in the oven,

-
-

)
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point between the two temperatures reaction started. The
copper was then added over a reriod of about thirty minutes in
increments of about 10 g. With each addition there was a
slight exctherm and a temperature of 184-18G° was maintained
with very little exiernal heating until about three-fourths of
the copper had been added, at which time external heating was
increascd to meintaln this temperature. The mixture was heated
for about ten minutes after the addition was complete, then
filiered hot to remove the gray inarganic salts¥., The precipil-
tate and reaction flask were thoroughly washed with acctone.

Steam distillation to remove the acetone and nitrobenzene
from the reaction products required about three hours, after
which time the dark semi-crystalline residue was dissolved in
hot acetone, treated with charcoal and filtered. The agetone
was then allowed to evaporate leaving as a residue 280 g (868)
of crude product.

This was taken up in the minimal amount of bolling acetone,
an equal quantity of acetic acid was added and the mixture
heated to 25-97° on the stcam bath to remove the acetone, then
cooled tc 59, filtered and the product washed with ether and
cried in the oven at 70-80°. There was obtained 260 g (80.3«)
of pure dimethylhexanitrcbiphenyl, m. p. 240-2419,

Dipicric Acid, DIPA.-

To 2060 & {0.575 mole) dimethylhexanitrobiphenyl in a five-
liter three-nec.. flask fitted with stirrer and thermometer were
2dded with stirring 2€00 ml G0-100% nitric acid (no rice in
tenperature) and sufficient of a total of 905 ml 30% oleum to
ralse the terperature to 50° and tc hold the mixture at this
temperature un.il all or most ot the dimethylhexanitroiphanyl
had Ciseolved. The .emsinlng oleum was then added whila 2901-
ing the mixture with an ice bath.

With cor.tinued cooling to maintain the temperature at
about 23¢ (not abuve 3CY), 750 g of soium dichromats dihydrate
wag added portionwise over a several hour period to the well-
stirred mixture which turned greenish-bl: ~k Cooling was
necessdry Lo an additional several hcurs, after which time the
mixture could be left unattended it room temperature. Total
stirring time was about 25 hcurs.

eIt 1s undesiratle :io allow the reaction wmixture to cooi 1 )
ambient temperaturec and stand berure filtering. 1Ir. one case
where the mixture stood overmiynt before {iltering, considerable
of the preduct had to be recovered Irom the li.oganic salt ty
washing with het acelone.

Y
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Crude dipicric acld was obtained as a yellow amorphous
product by drowning the reaction mixture on about 10 liters of
cracked ice, allowing the preclpltate to settlex, filtering
through 2 courcce sintered glass funnel and washing the filter
cake with 20% hydrochloric acld. For preliminary purification
this material was digested with 500 ml ethanol, the sclution
filtered off through a sintered glass funnel, the residue
digested with on Judditional 7H0-1000 ml ethanol and the mixture
again filtered. Concentrated hydrochloric acid was then added
to the combined riltrates until the mixture appeared to bde
almost colorless,

The mixture was then chilled, filtered and the product
air-dried for several hours after which time it still retained
considerable water. Taking this materizl up in acetone and
adding an equal volume of benzene causez most of the water to
separate as a lower phase which was removed. The organic phase
was then dried over Drierite and ccncentrated to yield two
successive crops of DIPA., The first crop, washed with benzene
and then with hexane and dried for 24 hrs. at 60° 1 mm, weighed
107 g and melted with decomposition at 311°, The second crop,
treated similarly, amounted tc 41 g, m. p. 301° (dec). The
total yield of DIPA was (Y% of theory.

Dipyridinium Dipicrate, -

A solution wan made by dissoiving 150 g of dipilceric acid
in 1500 ml of warm absolute methanol then cooled to below 40°,
With vigorous stirring /5 ml of pyridine was added in a zlow
stream and stirring was continued for one-half hour after
addition was complete, The reaction mixture was then cooled
in an ice-salt bath, filtered and the produ~t washed with ether
and dried. The yield was 185 g (90.68) of bright yellow crye-
talline solid, m. p. 256-2580 ?dec).

3,5'-Dichloro-2,2',4,4!,6,6'-hexanitrobiphenyl (DIPICL).-

Cne hundred eighteen grams of the dipyridinium salt was
scded to 250 ml of phoaphoius oxychloride and warmed on a
stcam bath, The sult was nearly completely dissolved when the
temperature reached 60° at which time the product dbegan to
Jrecipitate, After heating for an additional half-hour the

*This material occasionally precipitates in a very fine fom
and passen quite slowly through the filter. When this occurn
the filtration is quite tedious and may bdbe shortened apprecin-
tly by allowing the material to settle and first passing the
supernatent liquor through the sinterecd glass funnel,

10
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reaction mixture was cooled to below 40° and drowned slowly,
starting wirh 500 ml water and adding the reaction mixture and
tce at a rate sulficient to keer the drowning mixture at about
300 (CAUTION, ococ discussion). When drowning was complete the
volume was 2000-2500 ml. When the exotherm had ceas=d the
product was recovered by filtration and washed with 2 iiters of
cold water, Tt was then aunapended in 8500 m? of methanel and
warmed alimost Lo Lhe boiling point with stirring, then filtered
and dried. The yleld was 94 g (99.5%), m. p. 275-2{7° (dec).

3,%'-Diamino-2,2',4,4",6,6'-lexanitrobiphenyl (DIPAM).-

To 2200 ml of atbsolute ethanol saturated with drv ammonia
in a rive-liter three=neck flask fitted with thermometer,
stirrer and condenser was added porti-nwise over a one-hour
period and at a temperature below 120 226 g of DIPICL. The
DIPICL dissolved as added to form a blood-red solution. Anhy-
drous ammonia was then slowly bubbled iu for an additional 15
minutes after which time the solution was slowly heated to the
reflux. At about 30--5° an orange solid began to precipitate
and the solution lightened in color. The mixture was caused to
reflux one-half hour after which time about 50C ml ethancl war
bolled off, carrying with it the last of the excess ammonia.

The reaction mixture was cooled to 10°, filtered and the

product war wished with * aqueous hydrochloric acids ethanol

and ether and dried in the vacuum oven at 80° (30 mm Thera
was obtained 197.% g (95%) of an orange-brown powder, . p.
2960 (dec).

For purification this material was taken up in 7500 ml hot
acetone, th2 solution izcolorized with charceal and concentrated,
addirng 5500 ml of absolute ethanol during the course of the con-
centration. There was obtained as a first crop 173.5 g of pure
DIPAM, m. p. 299 (dec) in the form of a nicely microcrystalline
yellow pnwder, A sccond crop, l¢.4 g, m. p 29'C (dec), was
again recrystallized to yield 18.0 ¢, m. p. 2080 (dec). The
yie1d of pure LTLAM trom DIPICL was Y2k,

1l
CORPLDENTIAL




8)
9)
10)
11)
12)

1¢)

CONFIDENTIAL
NOLTR 62-82

REFERENCES

H. G. Adolph, J. C. Dacons and M., J. Kamlet, NOLTR 62-32,
"Heat Resistant Explosives. XI. An Unusual Oxidation
Reaction Leading to 3,3'-Dihydroxy-2,2',4,4',6,6'-
hoxanitrobiphenyl (Dipicric Acid, DIPA); 26 Feb. 1962.

L. H. Bock, W. W. Moyer and R. Adams, J. Am. Chem. Soc., 52,
2054 (1630.

W. Borsche, Ber., 50, 827 (1917); L. Mascarelli and
B. Visintin, Gazz. chim. 1tal., 62, 358 (1931), (C. A., 26,
4809 (1532).

R. Boyer, E, Y, Spencer and 4. F, Wright, Can. J. Research,
24, 200 (19u46).

M. Blais, M. Warman, V. I. Seile and H, J. Matsuguma,
Picatinny Arsenal Technical Report 2524, "Preparation of
Thermallg Stabie 2,4,6-Trinitrobenzene Derivatives",
June 1358,

N. L. Coleburn, NOLTR 61-79, "The Detonation Properties of
the Amino Substituted Symmetrical Trinitrobenzenes” in
press,

L. A, Bigelow, J. R, Johnson and L. T. Sandborn in

H. Gilman and A. H. BRlatt, Rditors, "Organic Syntheses"
end. Ed., Coll. Vel. I, pp. 111, 133, John Wiley and Sons,
New York, 1948.

Eastman Organic Chemicals, List No. 42, 6 Sept. 1960,
Cat. No. 1142,

Orete, Ann, 177, 258 (1875).
Bentley and Warren, Am. Chem. J., 12, 4 {18%0).

R. Schaal, J. chim. phys., 52, 796 (1955).

M. J. Kwmlet and D. V. Sickman, NOLTR 62-73, "The Relation-
ship of Sensitivity with Structure of Organic High
Explostives, 1I. Polynitroaromatic Compounds,” in prees.

‘edard ind Thomas, Mem. poudres, 31, 17* (1549).

12
CONFIDENTIAL




VUNP ' UanLLAL

NOLTR  62-82
Distribution
No.
Coples
Chief, Bureau of Naval Weapons, Department of the Navy,
Washington 25, D, C.
8 3 0 B 1 1
-J-L"'B ------ R EEEEREEEEE L I S R A I S A S S A S ) ve s 2
H.RRF-S R R I N I R R A A I I I Y L A I LR B I N B R SR I Y 1
RUME-ll ..... ev e s s 9000 . e IREEEEEERE X LRI I ) l
BUME-}23 ---------- se 0t s s . L LI R 1
FMMP‘zl ----- R R E RN AR l
Chlef, Office of Naval Research, Hashlngcun 25, D. C.
Attn. POWeI‘ Bran\.h (COde 29) @92 000N ORI OB RS OO 1
m Ralph Roberta S 9 0 " 4 e b 9 & 98 4 0% 9 3060885 0 000y l
Chief of Ordnance, Department of the Army, Wash. 25, D,C,
Attn: Technical Library .......... et ece e ecranes 1
ODTM LI NI T I ) 8 8 & 5 0 4 4 3 3 %5 8 ¢ g 0t e a3 . e l
Chief of Engineers, Department of the Army, Wash 25, D C.
Attn: Research and Development Division .......cece0. 1

Commanding Officer, Naval Propellant Plant,
Indian Head, Maryland
Attn: Techn’.cal mbraw L N B LN I B S D R B B I B RN T B R RN BN R INE BN NN NN NN R Y
Chemistry Research Section .....vevvvuvenvennse
Commanding Officer, Engineer Research and Davelopment
Ilaboratories, Fort Belvoir, Virginia
Attn‘ Tacmic‘l mbr‘w LA B BN L B N N Y DN B BN B U SN B B BNU I Y N B I N 1
Commanding Officer, U, &, Army Ordnance Missile Command,
Redatone Arsenal, Alabama

[ye

Attn: Teohnical Library ..... it aresieesesianans 1
Rohn‘nd m‘ mv1.1°n 9 9485000000 BOE OO OSYNTPIIDS 1

Commanding Orficer, U, 3, Naval Or-nance laboratory,

Corona, California

Attn: Technical LiDIArY (iviviiieecioennvanosnnssanns 1
Commanding Officer, Naval Weapons Station, Yorktown, Va.

Attn: Research and Development laboratory ........... 1
Commanding General, Aberdeen Proving Ground, eryland

Altn: Ballistice Research Center ..........ceviveeunn 1
Commanding Officer, Department of the Army, Pantex

Ordnance Plant, Amarillo, TexXas .........c.cviaenvnennrs 1

Commanding Officer, lake City Arsensl, Orunance Corph,
Department of the Army, Independence, Miasowri
Attn: Technical Library ..... Ch e it - 1
Commander, Eglin Ailr Force Base, Florida
Attnb POTRI' Technlc“l mb“ry 4 0 806083000 PSE ey l
Commanding Office:, Holston Ordnance Works, U. 3, Army,
Kingsport, Tcuncssee
Attn: Dr. Robert Hobblin® ... 0ot ittt neronses . 1

SAURTDENTIAL




Tl lubip AL
NOLTR ©62-82

Distribution
(Cont'd)
No.
Copies
Commander, Naval Ordnance Test 3tation, China Lake, Calif,
Attn: Chemistry Research Section ........ Ceeieans 1

Dr. Martin H. Kaufman (Code 4544) ............ 1

Direclor, Naval Hesearch laboratory, Washington 25, D, C,

Attno c‘uemistr',y DinSion L R BN N I I NI B T N R ) e %008 40 1
Director, Advanced Research Projects Agency, Pentagon,

Rm, 3D159, Washington 25, D, C.

Attn: Advanced Propellant Chemistry Office ......... 1
Director, Special Projects Office, Department of the Navy,

Washington 25, D, C,

Attn: Technical Library T T T, 1
Solid Propellant Information Agency, Anp.ied Physlcs

Laboratory, Johns Hopkins University, Silver Spring,Md.

Attn: Technical LAbrary ..ccveceeececsesscennsrossnons
Arined Forces Technical Information Agency,

Arlington Hall Station, Arlington 12, Virginia

Attn. TIPm @ % 08 3 4 500 020 * o » 8 3 0 s 0 e ® ¢ 0 & 0 2 S e NS 10
Los Alamos Scientit'ic laooratory, P. O. Box 1663,

Los Alanos, New Mexico

Attn~ Reports Liorarian for Dr. L. C. Smith ........ 2
U, S, Naval Ammunition Depot, Navy No, Six Six (66),

c/o Fleet Post Office, San Francisco, California

Attn: Quality Evaluation laboratory ...... e
Univeraity of California, lawrence Radiation Laboratory,

P, 0, Box 808, Livermore, California

Attn: Chemiatry Division (Dr, Gus Dorough) ......... 1
Aerojet-General Corporation, Azusa, California

Attn: Dr. J. R. Fischer (Contract Nonr-2655(00))....
Aerojet-General Corporation, P, O, Box 1947,

Sacramento, California

Attn. m. hrvln H. mld LI AL B B B NN N R T RN NI BN N Y RN B R TS B ) 1
American Cyanamid Company, P. O. Box 270, New Castle, Pa.

Attn: L, V, Clark, Director (Contract NOw- 60-0745-c)

[

Explosives Research and Development .................
Minnesota Mining and Minurueturing Compa

2301 Hudson Ha,, St, Paul 19, Minn, \ARPA Proj. 201-2)

Attn: Dr. M. H, Friednnn. Central Research Dept, ... 1
Thiokol Chemical Corporation, Reaction Motors Division

Denville, New Jersey (Contract Nonr 3664(00))

Attn: D, D, D, Perery .......... Cr ettt e 1

"r\\lDT'\"‘_ . aras




NOLL Vg Ol OIHJIVELOLThiY

=9 Cullap
ALEA TAY39y SNAS sisayisT
XQziH TAX0IpAY 1130 UOTLERINC
TIC 020TY91g HEIC tdueudss
Y404 318I01J NIN ci.ix
NQxd UMTUIDTIL VXEH L 232
qa1oy PTOY AYIC suTIe}?
Y014 074914 I7IXE [satiisdoxi; ssayscordx:
v7Ia 1a TTyE {uopseiedsii) se.3scidX:
MAGEE Tiusasia Yy LUBIS}Ses -1 BuN
II8L oITjuUTA] 7373 s721501dxz
86p0) sx02dt 10887 sapon sa03dI059y £9po) s10ydiaosayd
JHOdR 40 SISKTIVNY LCdfENS
Fo% 1o, ' na:mw

dtddeadotiqie .

07UdeI501 [q1E 10 P 30:T L8R 97 8 hy 10aoR
UOTITATUTT UOTISTROIT) 290 29T AR N
- - UOT3ERTWl] UOTI¥INOw Ty 330029 20-29 Iy “yxodan
2200 32 - Tepwuspljucy 30D @pe) pus ELT0N nzodas TEATUYOEs ToN  2OIRCT
UOT}8OTJISEE[S L1008
s9pa) s.10qd1a088( sapo) s1o0,draosa(

SAVEELT 963 GGLIVAIOaRT LhILaTVIT




e

FINT 1AL

Vel 20T

-

L.a0xs

Il LI = B
k ! £l s

i

-

T
I
‘v

€

¥y

AEEERS 481
350

o~ ..
[Eh 1
.-, -~ .
R L
athd
cded e
G9d
iy LIS
A
Lxay

L4
LI

L4 .
L - w
ety
. ....,.,.. .
—

‘ﬁ. usL 12y
uxoﬁﬁuac JETTUTS «n. 557

Lqiew utasaym sanpevoad “A}3EPIXC MU Y
.QH....‘...E

LiNDD

n.wm Lep oﬁ *§13Y3T YU suUOOE] u mu. »sor
A “3 70 10) TANARATEOELINVAEE- 199" «.:.
vo EONDAYIO-. mo SITINAION] E.:.« n
|<...:2 i "IIIY "STATSOIEXT INVISISHE &
\mmr«.m a.?au." TeoTuUY0sy qu
°c 5 fuun BTN /204100 €] 0UBULIN 3....,. .
.rmﬂnem.ﬁ 100 §7 PIYO 30vJILEQY
sucisedstiide aerpays puw sen;

NS ELEL

\.1&# .w CQ
wraatdyp
AUINT 03T

W aq=u :sousnles pa.roaug siseyiuis dsis

LB Ty
wodmeo Wiyl jo
W3% 5BY ...thc n

,‘st:r:u 2 20 & P S8

Vacr e

L0 s L .

MR

Ay g

‘saayy .

vy ’
VAT

. T
-rn..b.

: TTYTY

8p LITW aJamivadma) Yty 203 $AT%

1914 TTRIeAn “pvITT 09 irann-

: uladeys 957 oooad SATIUPTXG

3 2 meay

U] bdED JonmSL GV

FUT RNl n& aatyelsdmey wEIQ Jo0; rag _

FiTeTiusscd v>ﬂpumuu¢a oA€Y 07 SJIES umm waIs
‘95 ex sea praTd TTRISLD .:gmun oy Thueyiig

-0 TUBKSY-IOTIRSTR 91 e3rgo(dyp n5a¢ﬂv-u”u —
~1t 23 proe otpxotdrp 0% rfusgdyqoaiTuexey
-Hxnuus ¥ 0% 9UANTOLCIITUTILOWOIQ OF SUITTLL
.upL: :3ousntoes DIATOLUT FTEOYULS J&t6
|xmn *aayscrdxs Wiy arqess mﬁﬂmsuonu MU
® ‘panodwos 91333 ;0 ucyieledaad vy el
-d= uasgy sey ahxouw\n £q peverdax sy saajs,
xs»ﬂu. #i3nT03043TUTLS paIn3TIsSqns uy Incaf

‘v~ ¥ser ‘der

tvy 03 savadde ypio1e

a3uandip wniuy- sald
cq axcvaa«nohuwc«xnn
UTJI3OUOLQ 03 SUIL.™ 5

T}
%

. d
-

ITQEss ArTemaans

titieawdoad o3 a1
L1 1acerdaa s1 s
per31Isqns uy

*pemug mn¢4

sucoeq ")
H.1<ﬁﬂT.w
ALINEING!
UH<HWHHA
TLTuYeas
LM TR L BTN £

LU

ol

o
T

o

4

‘s

557.4

- 5AATS
:

PERT LW

- SaL%E.
- “
7

tvseuEasn g s \
P L84 Vo ' - -
Liltores TERUie pdde ude T
aor SR 2 PUTIMLILET [T e.tsriadnes ARSI
mz_*.u< Hm VIXED PIIEIIEOLOL 473 103030 S2¥T 5% buta %
PCTOANMIINT BYER | "A576C Sen 11934 tTalear poani oo sl
£ Iv quﬁ [NTRY tuuuunsx@nnununu«u I FEERALAE - BT
03 \ .- ALY s v -
PP US 130E CasdRlRr Ve lATeLTY &%
, o9 0x3I°IIT 'm.mn‘uuf CY WRILTULCITRUTSL W 3§ L a%
w.naonoﬁ SOLCIRT 1a0udTlas 1asviain; sjzexinds
sudde” ‘1Y |n._m *aryscrdys iy ChA PR RS Xy
- .- . - B .
9T ‘I PURCETND 37532 < Sojswanzesd .
satsasdcay . —de waeg sey tixcapdy A3 jelelles 5
~ saaysordxy ‘¢ FEATIIY FTINTOLLILIVIIL TS IS L
uc jInaedazg . TAI T Ujazege 93T ec g WATINIIND T
- seajsordxy g} TYLINEILiNTD “ttod T
TAuagd Nmoc bvé 2 ‘BI8Y3. e ETiies .H 3z
nmpdﬁwanon hu VITI u.....w..uzw EIINYIEE-.9%¢°,
-6 9.t .2 < . nlu...u. VIz- 40 STILFRI “n? 2y
. |n5...¢3 €' e |4n.¢n.];m HHH““ .um:ku«.mﬁ.n ..o.QU.u i€
.rm.mﬂnou jedy e ow.em 340 E8a terjugies T
s3ajscTdxy 1 PWOCTen auite Taa avaiget slmeniae

RN 1.
R P T B

1.

-

=11

Yi:

5.:.
YL
M TAEN




